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METHOD FOR ACCURATE PAD CONTACT
TESTING

BACKGROUND

The present disclosure relates to testing methods and
systems, and more specifically, to a method for accurate
probe tip and pad contact tracing by an electrical tester.

An integrated circuit (IC) is a type of a semiconductor
device. ICs typically comprise many small, interconnected
components, such as diodes, vias, transistors, resistors, and
capacitors. These components function together to enable
the IC to perform a task, such as control of an electronic
device or performing logic operations. ICs may be found in
computers, televisions, automobiles, and cellular tele-
phones.

Unfortunately, a manufacturing and/or design error in any
one of the many components may render the IC incapable of
functioning properly. For example, consider a memory
device containing several ICs. If even one transistor within
any of the ICs fails to function properly, the memory device
may produce memory errors. Similarly, for example, an
open via or a partially open via may act as a break that may
prohibit the IC from functioning as designed. These errors
may be detected using a testing protocol that involves an
electrical tester.

SUMMARY

According to embodiments of the present disclosure, a
testing apparatus comprising a main probe pin configured
for electrical testing of a sample, the sample having a
terminal pad, and a secondary probe pin configured for
contact testing of the main probe pin against the terminal
pad. In some embodiments, the testing apparatus may fur-
ther comprise an indicator circuit electrically connected to
the main probe pin and the secondary probe pin. The
indicator circuit may output a signal when the main probe
pin and the secondary probe pin are in simultaneous elec-
trical engagement with the terminal pad.

According to embodiments of the present disclosure, a
testing apparatus, comprising a pair of probe pins and an
indicator circuit electrically connected to the pair of probe
pins. The indicator circuit may be adapted to output a signal
when the pair of probe pins are in simultaneous electrical
engagement with a terminal pad.

According to embodiments of the present disclosure, a
method for testing an integrated circuit, comprising provid-
ing a testing apparatus. The testing apparatus may comprise
a main probe pin configured for electrical testing of a
sample, the sample having a terminal pad. The testing
apparatus may further comprise a secondary probe pin
configured for contact testing of the main probe pin against
the terminal pad. The testing apparatus may further comprise
an indicator circuit electrically connected to the main probe
pin and the secondary probe pin. The indicator circuit may
output an output signal when the main probe pin and the
secondary probe pin are in simultaneous electrical engage-
ment with the terminal pad. The method may further com-
prise biasing the main probe pin and the secondary probe pin
into simultaneous electrical engagement with the terminal
pad; and receiving the output signal.

The above summary is not intended to describe each
illustrated embodiment or every implementation of the pres-
ent disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings included in the present application are
incorporated into, and form part of, the specification. They

10

15

20

25

30

35

40

45

55

60

65

2

illustrate embodiments of the present disclosure and, along
with the description, serve to explain the principles of the
disclosure. The drawings are only illustrative of certain
embodiments and do not limit the disclosure.

FIG. 1 is a schematic diagram of a test bench, consistent
with some embodiments.

FIG. 2A is a partial perspective view of a first embodi-
ment of the electrical tester.

FIG. 2B is a perspective view of a single main probe tip
and supplemental probe tip pair in the first embodiment of
the electrical tester.

FIG. 2C is a schematic view of an indicator circuit of the
first embodiment of the electrical tester.

FIG. 3 is a partial perspective view of a second embodi-
ment of the electrical tester.

FIG. 4 is a partial perspective view of a third embodiment
of the electrical tester.

FIG. 5 is a flow chart illustrating one method of testing an
integrated circuit, consistent with some embodiments.

While the invention is amenable to various modifications
and alternative forms, specifics thereof have been shown by
way of example in the drawings and will be described in
detail. It should be understood, however, that the intention is
not to limit the invention to the particular embodiments
described. On the contrary, the intention is to cover all
modifications, equivalents, and alternatives falling within
the spirit and scope of the invention.

DETAILED DESCRIPTION

Aspects of the present disclosure relate to testing methods
and system; more particular aspects relate to a method for
accurate probe tip and pad contact tracing by an electrical
tester. While the present disclosure is not necessarily limited
to such applications, various aspects of the disclosure may
be appreciated through a discussion of various examples
using this context.

Electrical testers are used in the electronics and/or elec-
tronics packaging industry to detect the presence of defects
that effect the electrical performance of a semiconductor
package, e.g., an integrated circuit (IC). These defects may
include, without limitation, circuit line opens and shorts, and
circuit line near opens and near shorts. In some testing
protocols, the defects may also include design defects, such
as logic errors.

In some embodiments, an electrical tester may comprise
a probe card having a plurality of probe pins (also known as
“probe tips”). These probe pins may be moved into physical
and electrical engagement with conductive terminal pads/
contact points on an IC. Many test protocols may specify
precise alignment of each probe pin relative to its associated
terminal pad, as the terminal pads used in modern ICs are
often physically small. However, in practice, this alignment
may be difficult to consistently achieve because the indi-
vidual pins in the probe card may become worn and/or bent
during routine use. This “wear-and-tear” may limit the
electrical tester’s ability to properly engage one or more of
the associated terminal pads.

This problem may be particularly acute for test protocols
that specify simultaneous electrical engagement by multiple
probe pins. For example, one common test protocol is
alternating current (AC) testing in which a 2x3 matrix of
probe pins is used, typically in a Ground-Signal-Ground
(GSG), SG, GS, GSGSG, GSSG, or SGS configuration.
Using the current industrial techniques, it is often not
feasible to reliably determine the quality of probe pin and
pad contact. This means that a test engineer is often required
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to lift the probe and determine touch-down quality. This, in
turn, may increase test-time, increase a risk of probe dam-
age, and produce poor quality test data.

Another example is the variety of multi-pin probe cards
used in direct current (DC) testing, typically in 1x25 or 2x50
configuration. While DC probe pins are normally visible for
touch down, it is often not feasible using current industrial
techniques to determine the quality of probe pin and pad
contact. Again, the test engineer is often required to lift the
probe and determine touch-down quality. This increases
test-time, poor quality test data, increases risk of probe
damage, and generally does not guarantee a good quality
contact.

Additionally, in some applications, the contact points
themselves may not be located at the precise coordinate
specified in the design, but instead, have shifted to a new
location during after-processing and heat treatment. In some
cases, these positional errors may be large enough such that
the probe pins may not make electrical contact with a
designated terminal pads and the tester may falsely report an
‘open’ in the IC under test.

Invalid opens can be particularly costly test issue, as they
may trigger a time-consuming probe adjustment-retest loop.
The probe adjustment-retest loop may include a manual
repositioning of the probe in the direction of the contact
point, followed by restarting the test protocol. This probe
adjustment-retest loop may continue until either the operator
is convinced that the probes are contacting the contact points
and the open fault indication is valid, or the search routine
is completed. A software-controlled adjustment-retest loop
may be similarly costly, as the software typically automati-
cally steps (i.e., moves) the probe a preset distance and
direction in an attempt to locate the contact point, followed
by a retest. This process may be repeated a number of times
in the event of a genuine fault.

Accordingly, one aspect of this disclosure is an electrical
tester comprising a probe card having a plurality of pairs of
secondary test tips and main probe tips, one pair for each
contact point. In one embodiment, the secondary probe pin
may comprise the same material (e.g., nickel alloy, etc.) as
the main probe tip. In other embodiments, the secondary
probe pin may be made of a different (e.g., lower cost)
conducting material.

The electrical tester in some embodiments may further
comprise a contact indicator for each pair of secondary
probe tips and main probe tips. In some embodiments, the
contact indicator may comprise a piezoelectric buzzer or
LED light that automatically activates when a complete
circuit is formed between the main probe tip and the
secondary probe tip by contact with a terminal pad (e.g.,
when power can flow from the main probe tip through the
terminal pad to the secondary probe tip). In other embodi-
ments, the contact indicator may comprise an ohmmeter
meter, which may detect a drop in resistance between the
main probe tip and the secondary probe tip by simultaneous
contact with a terminal pad. In other embodiments, the
contact indicator may comprise a voltmeter, which may
detect a voltage applied by the main probe at the secondary
probe if a complete circuit is formed. In other embodiments,
the contact indicator may comprise an ammeter, which may
detect current flowing from the main probe through the
terminal pad and into the secondary probe. The contact
indictor may be part of an indicator circuit in some embodi-
ments. In some embodiments, the indicator circuit generates
an output signal in real-time i.e., substantially simultane-
ously with each contact.
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FIG. 1 is a schematic diagram of a test bench 100,
consistent with some embodiments. The test bench 100 may
comprise a test bed 110, a test subject 120, and an electrical
tester 130. The test subject may comprise a plurality of
terminal pads 125. The electrical tester 130 may comprise a
probe card 131, which in turn, may comprise a plurality of
pairs of main probe pins 132 and secondary probe pins 134.
The test bench 100 may further comprise a fixture 140
adapted to enable manual or software-directed movements
of the test bed 110 to enable the probe pins 132, 134 to
physically and electrically engage one of the terminal pads
125. The test bench 100 may further comprise a microscope
142 to help align the probe pins 132, 134 with the terminal
pads 125 when used in manual mode. The microscope 142
may have a microscope lens 145 and an associated field of
view 148.

FIG. 2A is a partial perspective view of a first embodi-
ment of the electrical tester 130. As an illustrative example,
this electrical tester 130 embodiment may be optimized to
perform direct current (DC) based tests on the test subject
120. The DC test may involve passing electrical signals to a
1x10 array of terminal pads 125 on the test subject 120. The
probe card 131 in this embodiment may comprise a 1x10
array of main probe pins 132, one for each of the terminal
pads 125. The probe card 131 in this embodiment may also
comprise a 1x10 array of secondary probe pins 134. Each
secondary probe pin 134 may be paired with exactly one of
the main probe pins 132, forming a 1x10 array of pairs of
pins 132, 134. The electrical tester 130 may also include a
ceramic ring 136 configured to position the main probe pins
132 and secondary probe pins vertically with respect to the
test subject 120 (e.g., to prevent the probe pins 132, 134
from crashing into the test subject 120, and thus, suffering
damage). The probe card 131 may also comprise an epoxy
layer 138 that fixedly attaches the pairs of probe pins 132,
134 to the ceramic ring 136.

FIG. 2B is a perspective view of a single main probe tip
132 and supplemental probe tip 134 pair in the first embodi-
ment of the electrical tester 130. In some embodiments, an
exposed end 260 of each main probe pins 132 may be
electrically insulated from an exposed end 262 of its asso-
ciated secondary probe pins 134 by, e.g., an air gap 255
and/or an electrically insulating coating on the probe pins
132, 134 (not shown). An opposite, fixed end 264 of each
main probe pin 132 may be electrically coupled to the
secondary probe pin 134 by a contact indicator circuit (see
FIG. 2C) and may be protected by a non-magnetic sheath
139.

FIG. 2C is a schematic view of an indicator circuit 270 of
the first embodiment of the electrical tester 130. Each pair of
main probe tips 132 and secondary probe tips 134 may have
an associated contact indicator circuit 270. The contact
indicator circuit may include an indicator 272 and a voltage
source 273. The indicator 272 in FIGS. 2A-2B may be a
light emitting diode (LED). The LED may be attached in
series with the probe tips 132, 134, with one pin of the LED
connected to the supplemental probe pin 134, and the other
pin connected to the main probe tip 132. In operation, the
terminal pad 125 may act in the indicator circuit 270 as a
switch, providing a ‘short’ for the electron flow from a
voltage source 273 if (and only if) both probe pins 132, 134
are in physical and electrical engagement with the terminal
pad 125.

The indicator 272 embodiment in FIGS. 2A-2C may be
desirable because the LED is normally-off, i.e., the LED will
not emit light when the contact indicator circuit 270 is open.
However, when the user and/or software brings the main
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probe pin 132 and secondary probe pin 134 into simultane-
ous physical/electrical engagement with the terminal pad
125, power may begin flow through the indicator LED,
causes it to emit a light signal in real-time (i.e., substantially
simultaneous with contact). This light signal, in turn, may be
used by the test engineer to visually confirm that the
respective main probe pin 132 is in proper electrical engage-
ment with its associated terminal pad 125.

FIG. 3 is a partial perspective view of a second embodi-
ment of the electrical tester 330. As in the previous embodi-
ment, this electrical tester 130 embodiment may comprise a
probe card 132 having a 1x10 array of main probe pins 132,
one for each of the terminal pads 125 (only one pair depicted
in detail for clarity). Each main probe pin 132 may have an
associated secondary probe pin 134, forming a pair of probe
pins 132, 134. An exposed end 360 of each main probe pin
132 may be electrically insulated from an exposed end 362
of'its associated secondary probe pin 134 by, e.g., an air gap
355. An opposite, fixed end 364 of each main probe pin 132
may be electrically coupled to its associated secondary
probe pin 134 by a contact indicator 372 of a contact
indicator circuit.

The indicator 372 in the embodiment depicted in FIG. 3
may be an ammeter. In operation, current from, e.g., a
current source can flow through a contact indicator circuit if,
and only if, the main probe pin 132 and secondary probe pin
134 are in electrical engagement with the same terminal pad
125. This current may be measured by the ammeter indicator
372. The output of the ammeter indicator 372 may be
directly used in real time, e.g., by test software or by the test
engineer visually inspecting an output dial or the like.

Alternatively, the indicator 372 in the embodiment
depicted in FIG. 3 may be a voltmeter that detects a change
in voltage between the main probe pin 132 and secondary
probe pin 134 are in electrical engagement with the same
terminal pad 125. Alternatively, the indicator 372 in the
embodiment depicted in FIG. 3 may be an ohmmeter that
detects a real time change in resistance between the main
probe pin 132 and secondary probe pin 134 are in electrical
engagement with the same terminal pad 125.

FIG. 4 is a partial perspective view of a third embodiment
of the electrical tester 130. As in the previous embodiments,
this embodiment of the electrical tester 130 may comprise a
probe card 132 having a 1x10 array of main probe pins 132
and secondary probe pins 134, one for each of the terminal
pads 125 (only one pair depicted in detail for clarity). An
exposed end 460 of each main probe pin 132 may be
electrically insulated from an exposed end 462 of its asso-
ciated secondary probe pin 134 by, e.g., an air gap 455. An
opposite, fixed end 464 of each main probe pin 132 may be
electrically coupled to a secondary probe pin 134 by a
contact indicator 472. This contact indicator 472 may com-
prise one of the circuits described with reference to FIGS.
2-3 (e.g., a voltmeter, an ohmmeter, etc., and a voltage
source 473).

The embodiment in FIG. 4 may further comprise a global
indicator 490, which may comprise a logical AND gate 492
having a plurality of inputs 493 connected to the contact
indicators 472 for the pairs of probe pins 132, 134. The
global contact indicator 490 may further comprise a global
indicator 494, such as a LED and/or piezoelectric buzzer,
connected to an output of the logical AND gate 492. In
operation, the LED and/or piezoelectric buzzer may be
activated if, and only if, all of the pair of probe pins 132, 134
are in simultaneous electrical engagement with their respec-
tive terminal pads 125.
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FIG. 5 is a flow chart illustrating one method 500 of
testing an integrated circuit, consistent with some embodi-
ments. At operation 510, a test engineer may provide a
testing apparatus. The testing apparatus may comprise a
main probe pin configured for electrical testing of a sample,
the sample having a terminal pad, a secondary probe pin
configured for contact testing of the main probe pin against
the terminal pad, and an indicator circuit electrically con-
nected to the main probe pin and the secondary probe pin,
wherein the indicator circuit outputs an output signal when
the main probe pin and the secondary probe pin are in
simultaneous electrical engagement with the terminal pad.
At operation 520, the main probe pin and the secondary
probe pin may be biased into simultaneous electrical
engagement with the terminal pad, and proper engagement
may be determined in real time via the indicator circuit(s).
At operation 530, a test protocol may be performed, and an
output signal may be generated, and then received by the test
engineer.

In some embodiments, the testing apparatus may further
comprise a plurality of pairs of main probe pins and sec-
ondary probe pins; and a global indicator circuit that outputs
a global signal when each of the plurality of pairs of main
probe pins and the secondary probe pins are in simultaneous
electrical engagement with one of a plurality of terminal
pads. In these embodiments, operation 520 may include
biasing the plurality of pairs of main probe pins and the
secondary probe pin into simultaneous electrical engage-
ment with the plurality of terminal pads; and operation 530
may include receiving the global signal.

General

The descriptions of the various embodiments of the
present disclosure have been presented for purposes of
illustration, but are not intended to be exhaustive or limited
to the embodiments disclosed. Many modifications and
variations will be apparent to those of ordinary skill in the
art without departing from the scope and spirit of the
described embodiments. The terminology used herein was
chosen to explain the principles of the embodiments, the
practical application or technical improvement over tech-
nologies found in the marketplace, or to enable others of
ordinary skill in the art to understand the embodiments
disclosed herein.

What is claimed is:

1. A testing apparatus, comprising:

a plurality of probe pairs arranged in an array to corre-

spond to an array of terminal pads of a sample, each of
the probe pairs including a main probe pin and a
secondary probe pin separated from the main probe pin
by an insulator;

a plurality of contact indicators; wherein each one of the
contact indicators of the plurality of contact indicator
electrically connected in series with the main probe pin
and the secondary probe pin for each of the plurality of
probe pairs;

a global indicator circuit electrically connected to the
plurality of probe pairs, wherein the global indicator
circuit includes

a logical AND gate electrically connected to the plurality
of probe pairs and configured to receive input from
each of the contact indictors, and

a global indicator electrically connected in series to the
logical AND gate and configured to receive an output
of the logical AND gate, and configured to emit at least
one of an audible or visual indication when both of the
main probe pin and secondary probe pin for all of the
plurality of probe pairs are in physical and electrical
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engagement with their respective terminal pads of the
sample to complete the global electrical circuit.
2. The testing apparatus of claim 1, wherein the global

indicator is a light-emitting diode (LED).

3. The testing apparatus of claim 1, wherein the global 3

indicator is a piezoelectric buzzer.

4. A method for testing an integrated circuit, the method

comprising:

providing a testing apparatus, the testing apparatus com-
prising:

a plurality of probe pairs arranged in an array to corre-
spond to an array of terminal pads of a sample, each of
the probe pairs including a main probe pin and a
secondary probe pin separated from the main probe pin
by an insulator;

a plurality of contact indicators; wherein each one of the
contact indicators of the plurality of contact indicator
electrically connected in series with the main probe pin
and the secondary probe pin for each of the plurality of 20
probe pairs;

a global indicator circuit electrically connected to the
plurality of probe pairs, wherein the global indicator
circuit includes

10

15

8

a logical AND gate electrically connected to the plurality
of probe pairs and configured to receive input from
each of the contact indictors, and

a global indicator electrically connected in series to the
logical AND gate and configured to receive an output
of the logical AND gate, and configured to emit at least
one of an audible or visual indication when both of the
main probe pin and secondary probe pin for all of the
plurality of probe pairs are in physical and electrical
engagement with their respective terminal pads of the
sample to complete the global electrical circuit; and

biasing the plurality of the probe pairs of the testing
apparatus toward the terminal pad until the global
indicator emits the at least one of the audible or visual
indication.

5. The method of claim 4, wherein each of the contact

indicator is light-emitting diode (LED).

6. The method of claim 4, wherein each of the contact

indicator is an ohmmeter.

7. The testing apparatus of claim 4, wherein the global

indicator is a light-emitting diode (LED).

8. The testing apparatus of claim 4, wherein the global

indicator is a piezoelectric buzzer.
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